Molecular dynamics (MD) and molecular mechanical (MM) analysis are carried out to provide reliable and accurate model for emeraldine base polyaniline. This study validate the forcefields and model with the physical and mechanical properties of the polyaniline. The temperature effects on non-bond energy, potential energy and solubility parameter during the transformation from the rubbery to the glassy state have been analysed in this work. A new method using the solubility versus temperature ( -T) curve for predicting the T g of polymer are suggested.
Introduction
Because of its high electrical conductivity and comparatively low cost, polyaniline (PANI) is one of the most studied conducting polymers in past 20 years [1] [2] [3] . Emeraldine base (EB) that consists of alternate reduced (diamine) and oxidized (diimine) units: [(C6H4N) 2 (C6H4NH) 2 ] n , is regarded as the most useful form of PANI. The protonated emeraldine (salt form of PANI), (e.g., PANI hydrochloride) can be converted to a non-conducting blue emeraldine base (EB) when treated with a base, such as ammonium hydroxide [1, 3] . This reaction mechanism is widely used to detect acidic and basic gases (e.g. NH 3 , CO 2 , NO 2 ) [1] . Conducting polymers based gas sensors are recognised as a next generation building block for ultra-fast chemical sensing systems, which can be applied to quality control and environmental monitoring in various fields such as food processing, medical and industrial environmental monitoring [3] . However, the development of such materials in chemical sensing applications is mostly lab works and less control of their properties can be achieved so far. Therefore, computer modeling and simulation will play an ever-increasing role in the fundamental understanding of their hierarchical structures and behaviors for predicting and designing material properties [4, 5] .
The motivation of this work is to provide reliable and accurate modeling studies conducted by the Materials Studio® software, and to validate the forcefields and model by the physical and mechanical properties. The temperature effects on specific volume ( ), non-bond energy (E non-bond ), potential energy (E potential ) and solubility parameter ( ) during the transformation from the rubbery to the glassy state have also been analysed in this study.
Polymer Molecular Modeling

Structure
The polymer molecules of EB were defined using the polymer builder, and the torsion angle in degrees between new repeat units was generated randomly in the range of -180.0 to 180.0 degree. Models of increasing chain lengths ([(C6H4N) 2 (C6H4NH) 2 ] n with n=5, 10, 15, and 20), have been simulated to estimate the density of the polymer with an infinite chain length. The "calculated" density of amorphous EB is predict density an infinite chain. In this work, the amorphous polymer models with the periodic boundary conditions contain contains 3688-3712 atoms and the length of the sides of the cubic unit cells was 33-35 Å.
Simulation
Molecular simulations were performed by using the commercial software Materials Studio 5.0 (Accelrys, Inc. San Diego, USA). Simulation approaches include MM and MD with number of atoms, volume and temperature held constant (NVT-MD) and number of atoms, pressure and temperature (NPT-MD) held constant. To predict T g , NPT-MD simulations were run over a wide range of temperatures from 250-650 K with an interval of 25K. The simulation is continuous, with the final state of the previous simulation trajectory used as the start state for the next. In all simulations, temperature and pressure were controlled by the Berendsen's method using a half-life for decay to the target temperature of 0.1 ps (decay constant), 0.1 ps for the pressure scaling constant, and atom-based summation method was used to determine E non-bond at 'fine' quality. Figure 1a shows the predicted densities for the polymer with infinite chain length. The predicted density obtained from COMPASS and PCFF forfield was 1.239 g/cm 3 , and 1.211 g/cm 3 , respectively which agrees well with experiment values 1.245 0.006 g/cm 3 (Ref. 2). Using the proposed chain models (20 monomers) the computed densities are around 1.22 g/cm 3 (COMPASS) and 1.19 g/cm 3 (PCFF), which are close enough to the experimental value to expect only a small effect (of the density) on the mechanical and physical properties. The solubility parameter, quantifies the strength of the physical links between the components of a material. Figure 1b reports 
Results and Discussion
Model validation
Glass transition temperature (T g )
The most frequently used definition of T g uses the specific volume versus temperature ( -T) curve in molecular modeling. The -T curved from COMPASS and PCFF based simulations are shown in Figure 2a and 2b, respectively. To determine T g from the data, two best-fit lines are drawn, one representing the thermal expansion below T g , and one representing thermal expansion above T g . The T g obtained at the intersections are approximately 498 K (COMPASS) and 483 K (PCFF), which agrees well with the experimental T g , ranges from 473 K to 523 K [8, 9] . The good agreement between the T g determined by the MD simulation and the experimental values suggests that simulation strategy adopted here is quite reliable to compute the T g of EB. 
Glass transition temperature (Tg) by temperature dependency effect on potential energy and non-bond energy
Various energies, E potential and E non-bond , have been used to analyze the glass transition occurring in the polymer systems using molecular modeling [10] [11] [12] [13] . Some research groups reported a discontinuity near T g in the plots of bond energy (E bond ), angle energy (E angle ), torsion energy (E torsion ), and E non-bond against T in polymer system [13] [14] [15] . A conclusion from Li's group is that both the torsion and non-bond energy played important roles in glass transition of polymer [14, 15] . The plots of E potential and E non-bond vs. T from our simulation (COMPASS) are shown in Figure 3a and 3b. A break in the vicinity of Tg can be only seen in the curve of E non-bond -T, may be used for the determination of T g . This result agrees with the previous results on E non-bond made by other groups [10] [11] [12] [13] [14] [15] . However, for E potential , it has a strictly linear increasing relationship with temperature in the whole temperature range. We noticed that Wu a b
and Xu have the same result when they performed the molecular simulations study of structure and dynamics of crosslinked epoxy resin [10] . This result can be associated with the variation of the solubility parameter in the temperature range of 250-650 K (Figure 1b) , there is an infection point presented in the plot of -T near T g , indicating the occurrence of glass transition. The infection point corresponding temperatures (484 K, COMPASS and 500 K, PCFF) agree well with T g calculated by vs. T (498K and 483 K), respectively. They are also in reasonable agreement with experiment value ranges from 473 to 523 K. We suggest that the vs. T results in a similar beak in plot of -T, and it may be used in correlating or predicting the T g of polymer. The infection point in the plot of E non-bond -T produced by PCFF based simulation is not distinctive and it is not presented here. But an infection point can be seen distinctly in both plots of -T (Figure 1b ).
Summary and Conclusions
The molecular modeling study employed in this research would provide a good insight for predicting the mechanical and physical properties of polyaniline (e.g. emeraldine base). The , , and T g of EB have been obtained by using COMPASS and PCFF forcefields, respectively. The MD results are in reasonable agreement with empirical data. The new data indicates COMPASS may produce more closed values for the polymer emeraldine base than that of PCFF based simulations. A new method using -T curve for predicting the T g of polymer are suggested. The work addressed in this paper may prove to be of great value in the study of polyaniline using molecular dynamics.
